The transition state region of the F + H2 reaction has been studied by photoelectron spectroscopy of FH-. New para and normal FH-photoelectron spectra have been mea- 
The transition state plays a central role in chemical reaction dynamics (1) (4) , infra-red chemiluminescence (5) , and crossed molecular beam experiments (6) , for example, and accurate thermal rate constants have been obtained over a large temperature range (7) . The reaction has also played a key role in the development of quantum reactive scattering theory, with its high exoergicity, unsymmetrical mass combination, pronounced resonance structure, and experimental accessibility all making it a prime target for study (8) . Moreover, the challenges posed by the transition state region of the F + H2 potential energy surface (PES) have long made it a favorite problem in electronic structure theory (9) , and numerous global F + H2 potential energy functions have been proposed (10, 11) .
Given this background and encouraging early work on the FH7 system by Zhang and Miller (12) and Weaver and Neumark (13) , four of the present authors have recently completed a detailed experimental and theoretical study of the FHF-photoelectron spectrum (14) . Experiments were performed in this study for prediction of the experimental spectra (14) .
The inadequacies of the semiempirical surfaces suggest that a better approach is to construct a fully ab initio PES for F + H2, which has proved a considerable challenge. The main problem is that both the classical barrier height and the bending potential at the transition state are highly sensitive to electron correlation, and very large orbital and configuration basis sets are required if they are to be converged to chemical accuracy (9, 15, 16) . However, a recent benchmark full configuration interaction (CI) calculation by Knowles et al. (15) and systematic studies of the convergence of the topology of the FH2 transition state with respect to the orbital basis and electron correlation treatment (16) (17) with complete active space self-consistent field (CASSCF) reference functions (18) , and application of the Davidson correction (19) Fig. 1 Fig. 1 (14, 16) .
The key features of the para and nonmal FHp photoelectron spectra are already implicit in Fig. 1 Schatz (21) , and adapted for the present problem by Zhang and Miller (12) , the FHp photoelectron spectrum can be simulated quantum mechanically through the calculation of a simple Franck-Condon factor: Fig. 2 , Do has been adjusted to align the main peaks in the simulated and experimental para FH-spectra, giving Do = 0.205 eV, and the same relation between eKE and E has been used for normal FHj. The theoretical spectra have also been convoluted with a Gaussian (full-width at halfmaximum of 19 meV) to approximate the experimental resolution at eKE = 1.0 eV. The new experimental spectra in Fig. 2 were obtained with the same apparatus as described previously (14), with photoelectrons collected parallel to the electric field vector of the (plane polarized) photodetachment laser so as to minimize the contribution from excited F + H2 electronic states (13) . However, both spectra have been significantly improved. In particular, the contribution from excited F + H2 electronic states has been further reduced by improving the purity of the laser polarization. The effect of this improved polarization is well illustrated by the region eKE < 0.8 eV, where the photoelectron signals are close to baseline in both spectra; this is precisely the region in which transitions to excited F + H2 electronic states are expected to be most pronounced (14) .
Another more important modification was also used to obtain the para FH2 spectrum in Fig. 2A . The experimental para FHj spectrum shown in our earlier paper consisted of a broad central feature with some partially resolved features on either side (14) , whereas considerably more structure was found in the simulations. We postulated there that the experimental spectrum was likely to be contaminated by a certain amount of para -> ortho conversion on the walls of the gas mixing cylinder prior to the experiment, and the evidence for this was made even stronger by the present theoretical calculations. The spectrum shown in Fig. 2A was therefore obtained in a new experiment prior to which the NF3/ para H2 mixture was held in an aluminum (rather than stainless steel) gas cylinder so as to reduce the conversion. The effect of this final modification was found to be quite dramatic, and indeed the experimental para FH-spectrum in Fig. 2A shows three pronounced peaks between eKEs of 0.8 and 1.1 eV. This improvement allows a considerably more detailed comparison with theory than was possible with the earlier data. The assignment of the FH-photoelectron spectra in Fig. 2 is similar to that deduced in our earlier paper from simulations on other F + H2 PESs (14) . Thus, the two peaks in the para FH-spectrum in Fig.   2A Table 1 . Assignment of peaks in the FH-photoelectron spectra (Fig. 2) . the F/H2(j = 0) peak occurs with low intensity just above eKE = 1.0 eV, but this peak is not really discernable in either the three-dimensional simulations or the experiment. The three peaks in the normal FHspectrum in Fig. 2B Although the assignments are similar to those given before, the detailed quantitative agreement between theory and experiment in Fig. 2 is far better than it was possible to obtain previously (14) . In part, this is because of the improved experimental spectra, which are significantly better resolved than before. However, theoretical simulations were also performed on three widely used semiempirical F + H2 PESs in our earlier study, and in no case did the results agree in such quantitative detail with the experimental peak positions, widths, and intensities for both para and SCIENCE * VOL. 262 * 17 DECEMBER 1993 normal FH-as those in Fig. 2 . Moreover, this improvement in the theoretical spectra is attributable solely to the improved accuracy of the present ab initio F + H2 surface in the transition state region, because our earlier simulations used the same harmonic normal mode parameters for FHI. Thus, the present combination of ab initio electronic structure theory, ab initio quantum dynamics, and a novel transition state spectroscopy experiment would appear finally to have converged on an accurate description of the F + H2 transition state region.
It will be interesting in future work to see whether the agreement between theory and experiment in Fig. 2 can be made even better by going beyond the harmonic normal mode approximation to the FHj anion, which is probably the largest single approximation in the present model. It will also be interesting to see whether the present F + H2 PES gives a good quantitative prediction of the asymptotic experimental properties of the F + H2 reaction, such as the HF product vibrational branching ratio and angular distributions (4) (5) (6) . These properties provide a sensitive probe of the PES in the H + HF product valley and so are somewhat complementary to the transition state spectroscopy measurements considered here.
The global budget of N20 shows a significant imbalance between the known rate of destruction in the stratosphere and the estimated rates of natural and anthropogenic production in soils and the ocean. Measurements of the 15N/14N and 180/160 ratios in two major tropospheric sources of N20, tropical rain forest soils and fertilized soils, show that soil N20 from a tropical rain forest in Costa Rica and from sugar-cane fields in Maui is strongly depleted in both 15N and 180 relative to mean tropospheric N20.
A major source of heavy N20, enriched in both 15N and1 80, must therefore be present to balance the light N20 from soils. One such source is the back-mixing flux oftolysis and chemistry is~-150 years, but known and estimated inputs to the atmosphere are only about half of the flux required to balance the calculated destruction rate (4) , and reasons for the imbalance are unknown.
Characterization of tropospheric and dissolved oceanic N20 by the two isotope ratios 15N/'4N and 180/160 provides important constraints on the geochemistry and sources of this gas (5) . In this report we extend this approach to a study of N20 in tropical rain forest soils (6) (8, 9) and from fertilizer-treated soils of sugar-cane fields on the island of Maui (10) . Air samples were withdrawn from existing soil-flux measurement chambers (11) and returned to La Jolla where the N20-air mixing ratios were determined by ECD gas chromatography, and the isotope ratios were measured. Table 1 shows that quasiduplicate samples at one Maui site and at one of the Costa Rican sites agree quite well for both the measured N2O mixing ratios and the end-member isotopic 8 values of the soil N20 (12) . Figure 1 shows the soil-N20 isotopic data and the & values of tropospheric N20 (5) . Although the isotopic values from different soil sites show rather large variations, they are uniformly depleted in the heavy isotopes and isotopically lighter than the tropospheric air and oceanic samples in all cases. On Maui N20 from the abundant rainfall site is enriched in the heavy isotopes of both N and 0 relative to N20 from the dry-side soil. This effect may be due to denitrification in the wet soils, as nitrification in dry soils generally produces isotopically light N20 (13, 14) .
These data show that the isotopic ratios of N20 emitted from soils in both the natural and fertilized states are significantly depleted in 15N and 180 relative to tropospheric N20. Thus there must also exist sources of N20 enriched in the heavy isotopes to balance the input fluxes of light soil-gas N20.
One such heavy tropospheric source is the N20 produced by nitrification in deep ocean water (5) : these data are also plotted in Fig. 1 . The heavy isotope enrichments in these waters increase with depth, but the deep-water production is not a significant tropospheric source. In contrast to these heavy isotope-enriched samples, the 8 values of near-surface dissolved N20 are quite similar to those of tropospheric N20 but are slightly depleted in 15N and 180. It is possible that in some oceanic areas of strong regional upwelling such as the Equatorial Eastern Pacific (15) and the northwest Indian Ocean (16) , N20 brought to the surface may have been produced by denitrification (17) and that N20 produced in this way may be enriched in '5N (18) , and perhaps in 180, relative to values for tropospheric air. However the 8 values of dissolved N20 in shallow depths (surface to depths of -800 m) are quite similar to those of tropospheric N20 1(5), Fig. 1 1, so that there is a strong buffering effect of subsurface N20
